CGEOPHYSI CAL MODEL OF MNASSI VE SULFI DE DEPOSI TS
COX AND SINGER MCDEL Nos. 24a, 24b, 28a Conpiler - WD. Heran

A CGeol ogic Setting
Three major deposit types are included:

ZCyprus - hosted in marine mafic extrusive rocks
ZBesshi - hosted in marine mafic extrusive rocks
ZKuroko - hosted in marine felsic to mafic extrusive rocks

(,yL)rus Massive Sulfide: Wthin ophiolite assenblage, commonly above diabase
dikes localized within pillow basalts or mafic vol canic breccia. Deposits are
podl i ke massive, iron, copper and zinc sulfides with an underlying sulfide
stringer zone. May be adjacent to steep normal faults and overlain by Fe-rich
bedded narine sedinents (ochre).

Besshi Massive Sulfide: Possibly related to submarine hot springs and
associ ated basaltic volcanismwithin rifted basin of volcanic island arc or

back arc setting. Usually hosted in thinly lanmnated elastic terrigenous
sedinents or mafic tuffs. Deposits are thin, sheetlike bodies of massive to
wel | -1 am nated sulfides, laterally extensive and tend to cluster in en echelon

patterns. Al known deposits occur in strongly defornmed metanorphic terranes.

Kuroko Massive Sulfide: Wthin calc-alkaline volcanic island arc systens and
Archean greenstone belts. Common near center and felsic top of volcanic-
sedi mnentary sequence with tendency to occur in close proximty to each other
or clusters. ritic siliceous rock (exhalite) may be marker” horizon.
Distinctly vertically zoned, nassive copper- and zinc-sulfide bearing,
stratiform body with underlying veins and stockwork of dissenmnated sulfides.

Note: all three types upon weathering may produce yellow, red and brown
limonitic gossans.

B. Ceol ogic Environment Definition

Renpte sensing nethods can help detect and nmap the extent of ultramafic
belts and intrusive conpl exes by overall reflectance (al bedo), thernal
properties and geobotani cal changes %Barri ngton, 1991; Longshaw and
G | bertson, 1975). Landsat TM data have been utilized to map and subdivide
units of the Semmil ophiolite in Oman (Abrans, 1987). Landsat TM data have
been used on a regional and local scale to recognize syn- and post-volcanic
structures, including first and second-order |ineanment faults and shear zones
in Canadian greenstone belts (Carboni and others, 1991). TM data were used to

map lithologies, linonitic and gossan surfaces and integrated with
panchromatic air photos providing structural data and |ocations of volcanic
centers (Volk and others, 1987). Aircraft nultispectral scanner data have

successfully nmapped the distribution of iron-oxide species over known gossan
outcrop in Australia (Fraser and others, 1987).

Aeromagnetic and regional gravity data have been used to define
tectonic terranes in northern Mchigan and W sconsin §K| asner and others,
1985) . High-resol ution aeromagneti c surveys were useful in interpreting
Precanbrian bedrock beneath glacial cover in Mnnesota (Chandler, 1985).
Enhanced high resol ution aeronagnetic and VLF data were utilized to map
lithol ogy and regional faults in the central volcanic belt near Buchans,
Newfoundland (Kilfoil, 1989). Ophiolite belts are characterized by
aeromagnetic data as en echelon belts of short wavelength, high gradient
anomal res (Heinz, 1989), and chains of narrow |ocal positive and negative
anomal i es (Menaker, 1981) . Geenstone belts may be defined in aeromagnetic
surveys as a regional magnetic low if the belt is magnetite-deficient, in
other” cases a high if it is magnetite-rich (Gant, 1985, Isles, Harman and
Cunneen, 1988). A statistical analysis of regional magnetic and gravimetric
paraneters were used to eval uate regional deposit potential in greenstone
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areas in Canada (Favini and Assad, 1974). Regional gravity was used to define
thrust faults in an island-arc terrane in Canada (W Ison and Brisbin, 1960).
Airborne electromagnetic surveys have been widely used in favorable terrains
for finding conductors (Seigel, 1977; Kein and Lajoie, 1992; Ward, 1967,
1970) and can be credited for the discover?é of nunerous nmassive sulfide
deposits in Canada (Paterson, 1966; 1967; Flem ng and Brooks, 1960; Mckay and
Paterson, 1959; Podol sky, 1966) and Wsconsin (Schnenk, 1977; Miy and Schmidt,
1982; Mudrey and others, 1991).

C. Deposit Definition

Massive sul fide bodies are defined as a single mass contai ni ng between
50-80% netallic sulfide minerals. This fact alnost always lends to a higher
electrical contrast relative to its host. A variety of ground EM methods have
been successfully applied, as followup to airborne surveys, including the
frequency and time donmain nmethods utilizing a broad band of frequencies and
enpl oying several coil configurations (Ward, 1966, 1979; Crone, 1966, 1979;
and Strangway, 1966; MCracken, 1981; Kl ein and Jajoie, 1992; Zonge, 1992;
Sinha and Stephens, 1987). (Qher electrical methods such as SP (G fali and
VWiteley, 1981; Mss and Perkins, 1981), resistivity (Quick and Cifali, 1981;
Tyne and Whiteley, 1981), and IP (Hallof, 1966; 1992) have been w dely used to
| ocate and define deposit paraneters. The presence of pyrhotite and/or
magnetite in the nineral assenblage of the deposit (not always present) may
cause a magnetic contrast with the host rock. Gound nmagnetic surveys are
commonly used (Hood and others, 1979) if a subtle or strong airborne nmagnetic
anomal y is obtained, to locate or outline ore zones. The nagnetic nethod is
credited for the discovery of the Pina ore body in Arizona (Heinrichs and
Thurrmond, 1956). Anot her i nherent q_hysical property of the massive sulfide is
high density of the ore mnerals. he gravity method although not normally
used as a primary tool can play an inportant role in an integrated effort to
check EM or electrical anomalies (Tanner and G bb, 1979; West, 1992; Boyd and
ot hers, 1975; Barbour and Thurlow, 1982), outline the deposit, or estimate ore
reserves (Tenpleton, 1981). A 2.8 ngal anomaly was obtalined over the Faro
deposit NWI Canada (Brock, 1973). Seismic refraction and reflection surveys
have been used to map fault structures (Spencer and others, 1993) map ore
zones (Cooksley, 1992) and as a screening nethod to distinguish between
shal | ow orebodies and conductive shales or graphite zones ?Ha\/\ki ns and
Whitely, 1981). Downhole electrical and gamma radiation nethods were used at
t he Wbodl awn deposit, Australia to effectively outline the deposit and | og
lithol ogies (Tenpleton and others, 1981, Hone and Young, 1981).

D. Size and Shape of Shape Aver age Size/ Range
Deposi t lenticular to sheetlike; 8.2x10°m/ 5. 1x10°- 8. 7x10°ni
stringer, stockwork
Al teration stringer zone or
bl anketi ng
E. Physical Properties Deposi t Alteration Host
(units)
1. Density 3.9, 3-4.5% *
(gntcc)
2. Porosity .35, .2-.57 *
0



3. Susceptibility 1200, 0-5400"
(10°cgs)

4. Renmanence .8, .2-1.0¥
(my m

5 Resistivity 1, .01-62
(ohmm )

6. |P Effect
chargeability 45, 16- 125"
(nv-sec/v)
percent freq.
ef fect (PFE) 5, 0-200°

7. Seismic Velocity 1.4, 1.1-1.8%
km sec 3.2

8. Radionetric

K (% Iow-rmderate
U ow .
Fhpem, | ow

F. Renpte Sensing Characteristics

Visible and near IR Iron-oxide species (goethite, hematite, etc.) have
uni que reflectance spectra and can be distinguished fromother alteration or
weat hering products (Hunt, 1979). Near-infrared spectra (800-2500 nm have
been utilized to distinguish true and fal se gossans (Raines and others, 1985).
Col or conposite images from Landsat MSS band ratio data have been used to
successfully map ferric iron-bearing rocks (Segal, 1983). Airborne
mul tispectral scanners have been applied to nap rock types, soils, alteration
and gossans in Australia (Fraser and others, 1987; Honey and Daniels 1986).

G Comments

Gound followup surveys following regional exploration must elininate
extraneous sources of anomalies such as conductive graphitic zones. The
choice of techniques to apply first will vary depending on host environnent,
mnerals present, structural controls and target depth. The normally high
el ectrical conductivity of massive sulfides makes the electrical or
el ectromagnetic methods nost frequently used (Ward, 1966). The
el ectromagnetic nethod has been successfully used since the early 1920's
(Ward, 1979; Mpss and Perkins, 1981). Gavity, magnetics and seismic methods
are comonly used in an integrated exploration program In general massive
sul fide bodies are very dense, typically very conductive and frequently
magnetic (Ward, 1966). Several geophysical case histories to note are: SEG
M ning Ceophysics, 1966; Case Histories of Mneral Discoveries, v. 3, AlM,
1991; and Geophysical Case Study of the Wodlawn orebody, New S. \Wales,
Australia, 1981.
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Figure 1. Three-frequency airborne el ectromagnetic (AEM, and nagnetic data

over the New I nsco nassive sul fide deposit, Quebec, Canada.
(nodi fied from Becker, 1979)
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along with dril

New South Wal es, Australia.
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core lithology fromhole U256, Wodl awn or ebody,
(nmodi fied fromHone and Young,

1981)



GEOPHYSICAL RESPONSES OVER WOODLAWN

NATURE OF GEOPHYSICAL RESPONSE

GEOPHYSICAL METHOD
WEAK MODERATE STRONG SIMPLE COMPLEX
ATIRBORNE
Magnetics NO ANOMALY
HEM HEHBHRIH Y HEHHH Y
Input RHRHRHRH AR HEHBHBIHRY
Dighem II HAHAH AR HEHAHIIH
GROUND
Electromagnetic (cw) HH# A HERBHEAH
VLF HAHHH AR A AR HUHAAAAA
AFMAG HHHH A HAHHHHAH
Audio MT
Dip Angle HAHH AR
Broadside HHHHAH AR
Fixed Transmitter HAH#H A HitHHH A
Slingram HERAARH AR HH Y
Turam
Large Loop HAHHHAH HARBHH
Small Loop HEHHHIH HAHRHHRH
Electromagnetic (pulse)
Crone PEM HHHA A HIRBHRIHH
Newmont EMP HAH Y b
MPPO 1 HARHHHH HEHHH A
SIROTEM HAHHRAIH ##HHHE AT
Electrical
SP HEBHIIHE | #EHHHAY
Resistivity HEARAHH HEHHARAAH
P HAHH AR HHHHHHH IS
MIP HAHHH AR HIH HEHHRIH
Potential Field
Magnetics NO ANOMALY
Gravity HEHHHHHHAAAAA HARBAHIAH
Seismic Refraction HHHHHIH HARRARARRA
DOWNHOLE
SP HHEBIIE | #HHHRHARR
HURRRRARRHRHAHS HitH#H A
Samma Ray BRI P
Resistivity HHERRER | #HHARARAR
HAHAHIH HitHH A

Mise-a-la-Masse

TABLE 1.

Table 1 shows the wide variety of geophysical methods used at the Woodlawn orebody (New South Wales)

Australia, and a subjective classification of the geophysical responses, based on the magnitude of the
response relative to background (modified from Malone and others, 1981).
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